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Including children with Autism Spectrum Disorders
(ASD) in mainstreamed environments creates a need for
new interventions whose efficacy must be assessed in situ.
This paper presents a tablet-based application for activ-
ity schedules that has been designed following a partic-
ipatory design approach involving mainstream teachers,
special-education teachers and school aides. This appli-
cations addresses two domains of activities: classroom
routines and verbal communications.
We assessed the efficiency of our application with a study
involving 10 children with ASD in mainstream inclusion
(5 children are equipped and 5 are not equipped). We
show that (1) the use of the application is rapidly self-
initiated (after two months for almost all the partici-
pants) and that (2) the tablet-supported routines are
differently executed over time according to the activity
domain conditions. Importantly, compared to the con-
trol children, the equipped children exhibited more class-
room and communication routines correctly performed
after three month of intervention.
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INTRODUCTION
There is growing evidence that educational inclusion pro-
duces a positive effect on children with Autism Spectrum
Disorders (ASD) [14]. Yet, inclusive education of these
students is often hampered by the misgivings of school
staff that presumes negative outcomes on classroom
functioning if the student is not autonomous enough to
perform a range of tasks [10]. Specifically, children with
ASD may need help to manage daily routines, make
transitions between activities and engage in social in-
teractions [4]. If these special needs are not addressed,
they can result in interruptions during class that de-
crease learning opportunities, not only for the student
with ASD, but also for all the students [19].
Activity schedules are an efficient method to enable chil-
dren with ASD to be more autonomous [15, 16, 18].
An activity schedule is based on picture and/or text se-
quences decomposing tasks or activities into successive
steps [18]. By following such schedules, users can achieve
tasks, using paper-based supports [15] and multitouch
tablets [3, 12]. Hence, activity schedule is a promis-
ing assistive method, especially when it is realized on
a tablet, because of the documented preference of ASD
children for this device [21, 22].
Surprisingly, the use of computer-based activity sched-
ules in school settings is only proposed for special class-
rooms, not in mainstreamed classrooms. This situation
may stem from the complexity of specifying tasks that
need support in general classroom, compared to special
classroom. For instance, contrary to special education
settings, inclusive education in a secondary school en-
tails frequent changes in terms of classrooms, teachers,
and classmates. Furthermore, in mainstreamed environ-
ments, the expectations of teacher may not be as per-
sonalized as in a special classroom. For instance, a ped-
agogical focus on a single task or a limited set of tasks
is possible in a protected class, whereas a wide panel of
tasks is implicitly expected as being correctly performed
in mainstreamed setting.
In this paper, our contributions are as follows:
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1) the creation of a tablet-based application,
named Classroom Schedule+ (CS+), that imple-
ments activity schedules. This application has been de-
signed following a participatory design approach involv-
ing mainstream teachers, special-education teachers and
schools aids. In doing so, we identified activities that
must be supported in general classrooms for students
with ASD, and we collected the requirements needed
for a computer-based activity-schedule system. CS+
supports two domains of classroom activities for which
mainstream teachers have given priority: classroom rou-
tines and verbal communication.
2) the deployment of this application in general
inclusive classrooms in a user study. We demon-
strated the efficiency of our application with 10 students
between the ages of 13 and 17 that were in an inclusion
program for the first time at a secondary school (one
hour per week accompanied by a school aide). Specif-
ically, five students with moderate ASD were equipped
with CS+ (ASD experimental group), while five others
students with moderate ASD were not equipped (ASD
control group).
RELATED WORK
Assistive technologies in school context
Several computer-based intervention tools have been
developed to support inclusion in mainstreamed envi-
ronments. For example, Escobedo et al. provide a
smartphone-based tool for practicing social skills during
breaks, using an augmented reality approach [6]. For an-
other example, a task manager, hosted by a smartphone,
has been used by young adults with ASD studying at the
university [8].
Activity schedules in school context
Recently, activity schedules principles have been ex-
plored as underpinnings of the design of assistive tech-
nology for ASD children. Specifically, paper-based ac-
tivity schedules supports are mostly practiced by spe-
cial education teachers with children with ASD; these
supports mostly consist of line drawings or photographs
with Velcro c© on the back [16]. However, they include
limitations for school aides or teachers, such as time to
create them and difficulties to record data for tracking
student progress [12]. Consequently, activity schedules
can be considerably improved when they are based on a
multitouch tablet [3, 12]. Hirano et al. developed vSked,
an interactive activity scheduling for use in special edu-
cation classroom [12]. The vSked system was designed
to include the benefits of traditional activity schedules
(e.g., transitioning between activities, independently en-
gaging in classroom tasks) as well as new functionalities
such as dynamic task creation and real-time usage track-
ing. Cihak et al. supported students with ASD to ini-
tiate a general classroom task (e.g., writing, reading or
listening), not to follow a sequence of activities [3]. The
authors use photos showed to the student, self-modelling
task engagement to support the initiation of a classroom
task. These photos were inserted into a PowerPoint c©
presentation on a handheld computer.
Therefore, to the best of our knowledge, there is no study
assessing the use of activity schedules to support inclu-
sion of children with ASD in general classrooms. Al-
though their effectiveness has been demonstrated in spe-
cial education classrooms.
General principles to develop interactive technologies for chil-
dren with ASD
Prevalently, the research on the design of interactive
technologies for children with ASD recommends simplic-
ity, predictability, and clear mappings between actions
[11, 13]. Because individuals with ASD tend to process
visual information more effectively than auditory infor-
mation, existing intervention approaches should use vi-
sual supports [11, 12, 13]. Since Autism is considered as
a spectrum, the severity of the difficulties encountered
is extremely variable between children. Assistive tech-
nologies must be flexible enough to support each child
uniquely, now and as (s)he develops [11]. Distractive
stimuli should be avoided. More precisely, they should
be mistake-free to reduce frustration (e.g., no error mes-
sages, no wrong answers) [13]. These well-known general
principles ensure the usefulness and usability of the in-
teractive technologies for children [11, 12, 13]. However,
these principles are not enough to ensure that the tech-
nology is usable in mainstreamed environments. Indeed,
these environments consist of a variety of people, often
unaware of the specificities and needs of children with
ASD.
Participatory design approach
Participatory design method elicits a great interest in
the area of assistive technologies [5] by relying on the
active involvement of end-users and the stakeholders to
identify needs and constraints. It has been extensively
used in the design of technologies for children with ASD
[2, 7], notably in the vSked system to identify needs and
constraints of special education classrooms [12]. To the
best of our knowledge, such approach has not conducted
to analyze the needs of students with ASD in the context
of their first inclusion in mainstream classrooms. Yet, a
participatory approach could allow to identify which ac-
tivities need support for children with ASD when they
are included for the first time in mainstreamed class-
rooms.
Aim of this paper
We have conducted a participatory design approach to
developing an application that provides activity sched-
ules to support children with ASD during their inclusion
in mainstreamed classrooms. We have assessed the ap-
plication’s effectiveness with children with ASD at sec-
ondary school.
DESIGNING ACTIVITY SCHEDULES
Let us now develop design principles dedicated to mak-




Requirements related to the implicit and explicit rules
of general classrooms functioning have been highlighted
by the school staff and often in agreement with the lit-
terature. We conducted interviews that resulted in five
main principles to be taken into account in the design of
our tablet-based activity schedules application.
Activity schedules must promote reading skills
Reading skills is a pervasive need in the school setting.
Consequently, supporting this skill in any activity at
school fits the school learning objectives. To support
this, visual double-coding (i.e., pictorial and textual)
has been applied for each step in the sequence of our
activity schedules application. Text and visual informa-
tion are coupled to give children who cannot read the
opportunity to associate words to pictures.
Sequences must be short
Classroom instructional flow is critical for some children,
especially with ASD. School staff was unanimous on the
fact that the intervention had to be as short as possible,
to prevent the child from losing track of what is going on
in the classroom. Thus, to support inclusion of students
with ASD, an activity schedule must be as short as pos-
sible (i.e., decomposed into few steps). This principle is
consistent with general requirements to create activity
schedules [18].
Pictures and sentences must be concrete and idiosyncratic
Each step in the sequence of our activity schedule in-
cludes a picture and a sentence. School staff was unan-
imous on the fact that pictures and sentences must be
idiosyncratic (i.e., specific to a person). Furthermore,
because of the complexity of multiple concurrent behav-
ioral requirements in an academic setting (e.g., waiting
at the door with classmates, waiting for an approval of
the teacher, etc.), the use of self-modeled pictures, sim-
ilar to those proposed by Cihak et al.. [3], is recom-
mended. For instance, to support a classroom behav-
ior (e.g., to raise hand), students self-modeled pictures
should be use (see Figure 1).
Figure 1. Self-modeled pictures of the same action.
Progress status
To help students better manage their time, it is impor-
tant to give them an indication of their progress in ac-
tivity schedules. Furthermore, the use of visual timers
leads to reducing anxiety - particularly present in main-
streamed classrooms. In doing so, the reduction of mal-
adaptive behaviors may be achieved.
Activity schedules must not use the auditory channel
The intervention inside the classroom must exclude au-
dio materials. First, they would require the use of head-
phones that would cause a sensory exclusion, precluding
the child from participating to the class. Second, head-
phones would stigmatize the child in front of others stu-
dents because the use of technology for inclusion must
be as unobtrusive as possible.
3.2. Identification of classroom activities
Given these principles, we worked with all stakeholders
to list activities of interest in inclusive education class-
rooms. This step was then followed by a selection of the
critical activities that required assistive support.
General listing
We first listed general classroom activities involved in in-
clusion education with a participatory approach. These
activities do not concern academic activities but class-
room functioning involving students. Indeed, our tech-
nological support is not a pedagogical tool to improve
student learning performance, but to guarantee typical
classroom functioning. Mainstream teachers, special-
education teachers and schools aides have participated
to propose general classroom activities to list. For in-
stance, few general classroom activities proposed are :
Going into classroom; Answering to classmate; Following
explanations or complex directives; Answering questions
about a text which comes from it being read etc.. A to-
tal of 27 general classroom activities have been proposed
by these stakeholders.
Priority selection
The second step was to select critical activities in this
large selection to not disturb classroom functioning. In-
deed, face to critical disruptions, the school staff is fre-
quently forced to suspend the inclusion and to re-place
the student with ASD in special education classrooms
[10]. Furthermore, to create activity schedules properly,
we also selected activities with a clear beginning and
end [18]. These critical activities can be respectively re-
grouped in two general domains: classroom routines and
verbal communication (see Table 1).
Table 1. The two domains of classroom activities.
3.3. Sequencing
Each activity of the two domains has been decomposed
into sequences thanks to methods described in McClan-
nahan and Krantz (1999) [18]. Furthermore, authors
related some requirements to follow to create an activ-
ity schedule: it must be easy to manipulate, includes
at least one social initiation when possible, finishes with
reinforcement (e.g., “Finished!”) etc. [18].
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Each classroom activity involves a sequence of steps. We
have developed one activity in each domain to show ex-
amples. For all verbal communication activities, several
choices are possible. For example, in the activity “talk-
ing to teacher”, 3 choices are proposed: make a com-
ment; ask for an explanation or ask to repeat. These
tasks are meant to bring children with ASD to be aware
of the goal of their communication. Here is an example
of one of them (see Table 2).
Table 2. Going into the classroom.
APPLICATION DESCRIPTION
Our activity-schedule system runs on a touchscreen
tablet. This platform enables rich visual supports and
allows the application to be used in any environment.
Furthermore, tablets do not carry any stigma as they are
increasingly used as portable gaming platforms. Their
effectiveness to support intervention has already been
demonstrated with children with ASD [6, 12, 13].
Although each student is responsible for her tablet, the
school aide can initiate its use. Specifically, she moni-
tors the child and the class flow of activities to determine
whether an activity schedule becomes pertinent. When
such a situation occurs, she launches the appropriate ac-
tivity schedule or invites the child to do so thanks to a
list of activity schedules is proposed on the top left cor-
ner of the screen. Each activity schedule is represented
by a text (title) and a little picture (thumbnail). After
a while, the school aide only makes sure that the child
initiates the use of tablet and the selection of the appro-
priate activity schedule.
The selection of an activity schedule consists of three
stages: (1) the domain of activities, (2) the activity, and
(3) the task to be accomplished. These stages are in-
tended to structure the way the child should proceed
with the execution of an activity, given that planning
(i.e., the activity steps) has been externalized with the
tablet. Let us examine in detail each stage. In the first
stage, the user chooses between two activity domains:
classroom routines and verbal communications (see Fig-
ure 2). In the second stage, a list of activities is displayed
(top left part of the screen). Notice that in case of ver-
bal communications, these activities are split into two
categories: answering and talking. The third stage pro-
poses one of more tasks that address situations within
the activity.
Figure 2. The selection of an activity schedule.
Once the activity schedule is in use by the child, the
school aide solely supervises the process. The child is
guided through each step of the activity via pictures an-
notated with instructions. This guiding process is id-
iosyncratic in that it consists of pictures of the child
performing the required steps. An arrow on each side
of the screen allows the child to navigate through the
steps. Furthermore, a progression bar enables the child
to visualize where she is in the activity steps.
EVALUATION
Participants
Our study took place in special education classrooms
in secondary schools. A total of 10 students between
the ages of 13 and 17 were included in our study. Five
of them were children with ASD equipped with CS+
(five boys), five others were children with ASD non-
equipped (four boys and one girl). The two groups were
matched by chronological age (mEquipped = 15.00;SD =
1.22;mNon−equipped = 14.60;SD = 1.14; p > 700)
and intellectual functioning (according to the IQs es-
timated from abbreviated WISC-IV [9]; mEquipped =
74.00;SD = 29.83;mNon−equipped = 66.50;SD =
26.72; p > .600). The group comparisons were tested
using a non-parametric test (Mann-Whitney U). Neuro-
pediatricians examined all the children, and the ASD
diagnosis was performed according to the criteria of
the DSM-IV [1] and with respect to the “Autism Di-
agnostic Interview-Revised” scale [17]. To assess the
severity of social impairment in the school setting, the
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Figure 3. Each steps of the “Taking out school supplies” activity.
teacher of each special education classroom initially com-
pleted the French version of the Social Responsiveness
Scale (SRS) [?]. Concretely, the SRS provides a quan-
titative score for social impairment in a natural set-
ting. The two groups of children with ASD had simi-
lar school-related social impairment (i.e., mEquipped =
79.80;SD = 37.42;mNon−equipped = 86.80;SD =
30.51; p > .700). As recommended by the Helsinki con-
vention, both parental informed consent and children’s
assent were obtained before participation. Also, the
ethics committee of our university approved the experi-
mental protocol, prior to recruiting participants.
Materials and instruments
Besides supporting inclusion of children with ASD in
general classrooms, our application collects data regard-
ing its usage (i.e., number of uses in the inclusion class
by type of activities). These data are complemented by
a behavioral measurement addressing efficacy and usage
of CS+ (see Figure 4).
Classroom Schedule+ efficacy
We have built a specific questionnaire to measure how
each task of two activity domains is performed. Each
step of each task is assessed by the school aide as follows:
the behavior is “unobservable”, “not done”, “done when
requested, with help or badly” or “done autonomously”.
The scoring is set out as follows: “unobservable” / “not
done” are scored 0; “done when requested, with help
or badly” is scored 1; “done autonomously” is scored
2. With this, each activity is scored according to its
steps. To analyse results, we first put scores of activi-
ties into a percentage format as follows: if each step of
the activity is scored 2, the percentage of this activity is
100. In this case, the child is able to realize the activity
autonomously. Second, we average percentages of activi-
ties related to a given domain, a percentage on classroom
routines and verbal communication, for each child.
Classroom Schedule+ usage
This part of assessment included school aide observa-
tions about the CS+ usage by each child and log data
extracted from our application.
• Autonomous usage: at the end of each month of inter-
vention, the school aide was asked to indicate whether
the child used the application in full autonomy and in
an adequate manner (scored 1) or whether (s)he had
needed help to use it (scored 0).
• Number of routines activated: from the log data, the
number of routines activated during the classroom in-
clusion period is collected (i.e., for each classroom in-
clusion during one month period).
Procedure
Prior to our intervention, we held a meeting with the
inclusion teachers, the special education teacher, the
school aides, the parents, and the children. The goal was
to give them an overview of our procedure (see Figure 4),
to explain the importance of using our application on a
regular basis, and to answer all their questions. We also
gave a demonstration of our tool, explaining its func-
tioning. At the baseline assessment session, the special
education teacher of the children with ASD completed a
demographic information form and the SRS scale. The
children completed the abbreviated WISC-IV. The par-
ticipants were then observed during their inclusion in the
classroom (French, mathematics, history, geography, or
biology) for two weeks. In the context of our interven-
tion, each participant attended a new class where new
situations could occur. It was a one-hour class that oc-
curred once a week during a period of three months.
A school aide accompanied each child during inclusion.
Each school aide was trained to support students with
ASD. In addition, they were told how to use CS+ to
play the role of social support during inclusion. Dur-
ing each class in inclusion, the school aide completed a
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specific questionnaire to collect the activity observations
for each child (that are equipped). All post-intervention
measures were completed within two weeks after the end
of the three-month intervention. All interviews were con-
ducted at school or at home.
Figure 4. An overview of our procedures
Design and statistical treatments
For efficacy measure, a mixed factorial design is imple-
mented with two within factors and one between fac-
tor. The within factors were activity domain, which
had two levels (Classroom vs. Communication) and
Time, which had two levels (pre- and post-intervention).
The between factor was Group, and it had two levels
(Equipped and Non-equipped). For the autonomous
use measure, the Friedman test is used with the Time
factor (after one month, two months, and after three
months of intervention) as the independent variable. For
the log data from CS+, the factorial design included
only within factors with: activity domain, which had
two levels (Classroom vs. Verbal communication) and
Time, which had two levels (after one month and after
three months of intervention). All the dependent mea-
sures were numeric. All the pairwise comparisons were
carried out with non-parametric procedures as recom-
mended for small-size samples with non-normal distri-
butions, notably the Mann-Whitney U (between-factor)
or the Wilcoxon (within-factor) test. We used SPSS 19.
Results
Overall, the results support the efficacy of CS+ in show-
ing that both classroom and verbal communication rou-
tines performed in general education classrooms were sig-
nificantly more enhanced for the ASD children equipped
compared to those not equipped. Note that the pre-post
progress were higher in classroom routine domain than in
the verbal communication domain for all the children. In
addition, the observation from the school aide indicated
that the children reached a autonomous CS+ usage from
the second month of use. Finally, log data indicated that
the use of CS+ was high and unchanged across time for
activity schedules within the verbal communication do-
main. By contrast, within classroom routines domain,
the use of CS+ was high only during the first month of
classroom inclusion and was considerably decreased in
the third month of use.
Classroom Schedule+ Efficacy (see Figure 5). The
ANOVA revealed significant effects for Activity domain
[F (1, 8) = 62.74; p < .0001] and Time factor [F (1, 16) =
32.50; p < .001] on the routines correctly performed
in classroom. The interaction effect including Time
and Activity domains was also significant [F (1, 8) =
14.47; p < .01] and showed that the performance in-
crease with time was higher on verbal communication
than on the classroom routine domain for both con-
ditions of ASD children. Importantly, the interaction
between Group and Time factors stated that the per-
formance increase with time was significant for children
with CS+ (z = −2.80; p < .01) whereas this is not ob-
tained for children not equipped (z = −1.35; p > .100).
Figure 5. Percentage of activities correctly performed on
classroom according to activity domain and group condi-
tion.
Classroom Schedule+ usage in inclusive education class-
room
• Autonomous usage measure: the time factor effect
was significant [χ2 = 6.50; p < 04]: a mostly
autonomous usage of our application reached by
the children after two months (Mafter one month =
0.20;SD = 0.44;Mafter two months = 0.80;SD =
0.44;Mafter three months = 1.00;SD = 0.00).
• For the number of routines activated: the ANOVA
revealed a main effect of time factor [F (1, 4) =
12, 24; p < .04] indicating that the number of activated
routines decrease with time. Also, although the inter-
action effect (Time * Activity domain) did not reach
the significance (p > .05), the post-hoc comparisons
indicated that the use of CS+ did not differ for class-
room routines and verbal communication condition
during the first month (z = −0.36; p > .700), while its
use for classroom routine domain was lower than for
verbal communication domain during the third month
period (z = −2.02; p < .04) (see Figure 6).
DISCUSSION
To the best of our knowledge, there is no study assess-
ing a technological device for activity schedules to sup-
port children with ASD in mainstreamed school environ-
ments. Additionally, we found no study addressing the
activity schedules with idiosyncratic contents to provide
assistive support for first-time inclusion of ASD children
in general education classroom. The results presented
here provide insights on these issues.
Efficient and autonomous use in mainstreamed environments
Our empirical results demonstrate that CS+ provides
children with ASD with a relevant task-management
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Figure 6. Number of routines activated as a function of
activity domains and intervention duration
support in mainstreamed environments, such as a class-
room. Importantly, the socio-adaptive routines in class
were greatly enhanced for equipped children with ASD,
despite the short intervention time (i.e., only three
months). We also observe high usability of our ap-
plication (i.e., independent use after the 2nd month).
The limited-steps interaction within one activity sched-
ule and only two user-pointing inputs (forward and back-
ward arrows) allow children to quickly and easily follow
the critical steps of each routine for a short time. As
a result, interface organization, interaction duration as
well as idiosyncratic contents probably maximize the de-
vice’s adoption while ensuring a child’s effective presence
in the classroom.
Relevance of flexible visual supports for activity schedules in
school settings
Interestingly, for all the children (equipped or not), the
pre-post progress was higher in the classroom routine do-
main (with nearly perfect execution) than in the verbal
communication domain (≈ 70% correctly performed). A
related result comes from the log data. Indeed, we re-
ported a decreased use of CS+ in time for classroom rou-
tines contrasting with a high and constant use of CS+ for
verbal communication domain. This usage discrepancy
is probably due to differences in socio-cognitive demands
of to-be-performed tasks into the two domains. So, the
more a child becomes proficient in an activity domain,
the more (s)he performs the domain-related tasks au-
tonomously, and the less (s)he uses the corresponding
contents of CS+. This means that the child is able to
select the contents of CS+ appropriately with respect to
her own progress and needs: probably, classroom rou-
tines meet a child’s needs related to the start of class-
room inclusion, while verbal communication routines are
persistent needs for classroom life of children with ASD.
Note that CS+ is built as a learning and assistive device
with flexible contents, so when a routine is acquired by
child, stakeholders can create new adapted ones. This is
possible thanks to the independent management of in-
terface and contents in CS+. Indeed, routines (texts,
pictures and step numbers) can be changed while the
interface skin remains the same, which is desirable for
children with ASD [11, 13].
Relevance of idiosyncratic and concrete contents for activity
schedule in school settings
Both efficacy and quick autonomous usage of CS+ sug-
gests the superiority of idiosyncratic visual supports over
general-purpose ones [20]. In light of the diversity and
complexity of tasks having to be resolved in a school
setting (e.g., waiting at the door with classmates, wait-
ing for an approval of the teacher, etc.), the use of self-
modeled pictures provides illustrations of the particular
child in context. This is in favor of imitative behav-
iors [3]. In this experiment, we included children with
IQs around 70, thus, such idiosyncratic visual supports
probably meet their concrete reasoning abilities well.
Collaborative design induces technology acceptance
The collaborative nature of our intervention allowed our
tool to be pervasively accepted by all stakeholders of the
child’s mainstreamed environment. Teachers, especially,
played a major role in facilitating the application usage
inside their classroom. For instance, they encouraged
children to use our application with sentences like “you
should have a look at your tablet”.
Limitations and Future Work
Regarding the participating children, their number did
not reach a sufficient sample size for statistically conclu-
sive results, even though the use of non-parametric sta-
tistical tests has been respected. Also, the participating
children did not cover the spectrum of intellectual func-
tioning. Consequently, it remains to be shown that our
results carry over to children with ASD that are on the
higher end of the spectrum of intellectual functioning.
To further explore our research avenue, an interesting
direction would be to add a set of routines that covers all
the aspects of task-management for supporting the par-
ticipation of children with ASD in mainstreamed school
settings. For instance, applications designed to manage
tasks may be helpful for self-initiating adaptive behav-
iors in other school settings (such as canteen, schoolyard,
school bus, etc.).
CONCLUSION
This paper presents a tablet application (Classroom
Schedule+) supporting task-management skills of chil-
dren with ASD in mainstreamed environments. This
application has been used by five children with ASD
during their inclusion in secondary schools. All children
successfully adopted our application and have exhibited
increased socio-adaptive behaviors in classroom. With
a participatory design approach, we identified critical
activities for ASD children and design principles that
allowed Classroom Schedule+ to be infused in a main-
streamed environment: the general education classroom.
With a similar approach, other applications could be im-
plemented to offer more adaptability to closely match the
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